be a distinct class of accessory factors, which we term "plus-end-tracking proteins" or ϩTIPs. These MAPs are among the most conserved components of the MT cytoskeleton. They localize to the MT plus end, and in living cells, they mark growing plus ends and thus give . In living cells, growing tip1p-namics and is an important prerequisite for the formation coated MTs are stable as they extend from the centroof higher order structures. Thus, the MT ends-in particsome. If they hit the sides of the cell, they remain stable ular the plus end-are obvious places to hunt for regulaand are deflected toward the cell end. At the cell end, tors of assembly and intermediaries between MTs and they often undergo catastrophe, the transition from other components of the cell. growth to shrinkage. In the absence of tip1p, catastroIn this minireview, we focus on what we consider to phes are no longer restricted to the cell ends, but also occur in the cell center. Thus, tip1p is an anticatastrophe factor; and, by inference, this may be the case for other 
the turnover of CLIP-170 and other ϩTIPs (see below) at MT plus ends in the presence or absence of CLASPs.
Another important question about CLASPs is whether they provide "capture sites" that physically link stabilized MT ends to the membrane. It is intriguing that among the thicket of CLASP isoforms, one is thought to be N-terminally palmitolyated, and is associated with intracellular membranes (at least some CLASPs localize to the Golgi; Akhmanova et al., 2001). As appealing as this hypothesis appears, it is still not known if the CLASPs at the leading edge of the cell are palmitoylated and/or tightly bound to the plasma membrane.
A growing body of evidence suggests that CLASPs may be the tip of the iceberg for CLIP-170 family regulators and targets. The fission yeast experiments suggest that a factor at the cell end alters tip1p activity in a way that destablizes MT-plus ends. This is the opposite of the effect of CLASPs, which stabilize MT-plus ends. Another candidate CLIP-170 target is the motor protein dynein and its regulator dynactin. CLIP-170 colocalizes with dynein and dynactin subunits both at peripheral sites and at the kinetochore, and overexpression studies suggest a functional link between the two (Schroer, 2001 and references therein). Finally, the budding yeast CLIP- . Although these kinases have not been shown to directly regulate Bik1p, loss of these proteins tory changes in others, and these changes may be different in different organisms. Distinguishing between these results in MT defects. An alternate mechanism for release is that the affinity of CLIP-170 binding is reduced alternatives will require analysis of MT dynamics in ϩTIP mutants from the same organism and in vitro studies of by conformational changes in the MT polymer that occur when the growing tubulin sheet folds into a tube. their direct effects on MT dynamics.
Mechanism for Plus-End Tracking Future Directions and Conclusion
There are several key unanswered questions about the What are the molecular events that result in treadmilling of CLIP-170 and perhaps other ϩTIPs? From in vitro ϩTIPs. One is the mechanism of release of ϩTIPs from the trailing edge of polymerizing MTs. An important barexperiments, three general models can be envisioned ( Figure 1C, Diamantopoulos et al., 1999) . The first two rier to progress is the absence of an in vitro system that faithfully recapitulates both the binding and release that models are based on the idea that CLIP-170 recognizes a specific structural feature of the growing MT plus end: characterize plus end tracking. As ϩTIP partners/regulators may be important to reconstitute ϩTIP treadmilling either the GTP-bound tubulin cap or the unfolded polymer sheet. One argument against CLIP-170 binding to in vitro, future progress may come from systems with additional purified components, or from ones based on the GTP-tubulin cap is that this cap is thought to be small Like motors and the proteins involved in microtubule nucleation, the CLIP-170 family and EB1 family proteins are highly conserved. We speculate that these proteins evolved because of the need for devices that distinguish the plus end from the body of the MT. Although the plus end has a unique shape, its large size (Ͼ25 nm in diameter) makes it an unwieldy object to recognize at the molecular level. ϩTIPs may solve this problem; if copolymerized with tubulin, ϩTIPs may "tag" MT plus ends. By interacting with different partners, ϩTIPs could serve as molecular adaptors, providing links to a large repertoire of signals and target sites. In the cell, this diversity of plus end interactions may be fundamental to the regional control of MT dynamics, MT attachment, and the assembly of complex MT-based structures necessary for cell division and morphogenesis.
